Heavy metal pollution in urban runoff causes severe environmental damage. Identification of these pollutants and their statistical analysis is necessary to provide management guidelines. In this study, 45 continuous probability distribution functions were selected to fit the Cd and Pb data in the runoff events of an urban area during October 2014-May 2015. The sampling was conducted from the outlet of the city basin during seven precipitation events. For evaluation and ranking of the functions, we used the goodness of fit Kolmogorov-Smirnov and Anderson-Darling tests. The results of Cd analysis showed that Hyperbolic Secant, Wakeby and Log-Pearson 3 are suitable for frequency analysis of the event mean concentration (EMC), the instantaneous concentration series (ICS) and instantaneous concentration of each event (ICEE), respectively. In addition, the LP3, Wakeby and Generalized Extreme Value functions were chosen for the EMC, ICS and ICEE related to Pb contamination.
INTRODUCTION
Urban runoff is a frequent major source of pollution influencing surface water quality in urban areas (Andres-Domenech et al. ). Urban stormwater pollution from different sources can cause the entrance of bacteria and chemical contaminants, such as heavy metals, to surface water and groundwater resources. Although most of these metals at low concentration act as micronutrients in the food chain, they can cause toxic and adverse environmental effects on aquatic ecosystems and agricultural products, and harm consumers of these resources (Prabu ) . Urban runoff pollution and its economic, social and environmental effects should be carefully evaluated in order to control and reduce the wide spectrum of associated consequences. Such evaluations are also of significant potential when it comes to agricultural planning (Akan & Houghtalen ) .
In each precipitation event, the concentrations of pollutants are not constant during the runoff's departure from the basin. To evaluate the pollution load of surface runoff, the nature of the pollution parameters and loading distribution must be identified in various parts of the runoff. In a precipitation event, the pollution load may be at its highest in the early part of the event, and this is known as the first flush phenomenon (Taebi & Droste ) . When this occurs, in order to prevent the pollution entering vital water resources, control of the initial part of runoff is sufficient and the equipment and costs of pollution control will diminish. Prediction of the frequency at which an event occurs depends on accurate analysis of the relevant variables, such as the type of theoretical distribution and its properties as well as average values. Because the runoff quality data are random and dependent on spatial and temporal variables, the analysis of such information requires statistical approaches.
Based on the occurrence probability, one of the most used statistical methods is the frequency analysis, or the number of times that a given parameter takes place in a specified time interval. To investigate the probability distribution of the runoff quality data, the measured values were fitted to the theoretical continuous distribution functions, then the function with the best fit to the related values was selected as the best probability distribution function (PDF): using this function, the average concentration of each contaminant can be evaluated (Adams & Papa ) .
The probability distribution diagrams were drawn and the exponential distribution was introduced as the best one for suspended solids (USEPA ). Cole et al. () showed log-normal (2P) is the best distribution for the runoff contaminants. Although previous research had shown the relative priority of the log-normal for urban runoff contaminants, it may not suitable for frequency analysis of the complete contamination load. Therefore, it may be appropriate that other distributions be analyzed as well (Van Buren et al. ).
Behera et al. () investigated fitting log-normal, exponential and gamma functions to data for some of the urban runoff pollutants in Toronto, Canada, and found that the exponential function was the best one for analyzing the suspended solids.
Chen & Adams () presented the main approaches and processes for developing qualitative urban stormwater models based on the results from the probability distribution theory. Freni et al. () assessed urban stormwater collection to reduce the total suspended solids load using numerical methods and long-term simulations, and studied the frequency distributions of the quality and pollution load of urban stormwater to determine the vulnerability of drainage systems. Qin et al. () studied the frequency distribution of runoff qualitative indices as well as the interaction with the chemical oxygen dissolved in Shenzhen, China, and optimized the parameters related to the introduced models using frequency analysis.
Cd and Pb are two heavy metals with harmful effects on human health (Vieira et al. ) . They are of remarkable importance because of their relatively long half-life inside the human and animal body, as well as high toxicity. Cd and Pb are generally introduced into the urban environment via degradation of vehicle tires and leaded gasoline fuels, respectively. In the studied area, the urban runoff water has normally been used to irrigate agricultural crops and vegetables. Due to the entrance of contaminants with high Cd and Pb concentrations into the surface water, followed by its percolation toward the groundwater resources and subsequent absorption in agricultural crops and animals, it is necessary to evaluate the concentration of these two important elements. This study aimed to determine the best PDF for the instantaneous concentrations of each event (ICEE), the event mean concentration (EMC) of every event and the instantaneous concentration series (ICS) of Cd and Pb, in output runoff from the area.
MATERIALS AND METHODS

Study area
The study was carried out in Hamedan, a major city of Hamedan province situated in west Iran, at 34 W 48 0 N and 48 W 31 0 E. The population of the city is about 548,376. It occupies approximately 72 km 2 with an altitude range of 1,750-1,975 m (average 1,890 m). Based on the Emberger climate classification, the climate is cold semi-arid. The average annual air temperature and average annual rainfall are 11.3 W C and 330 mm, respectively. Precipitation is normally influenced by the Mediterranean weather fronts, with the most precipitation in winter, autumn and spring, respectively. The Abbas Abad, Moradbeig, Divin and Khezr are the four main rivers of the city, and cover the whole area of the city. During rain events, the surface runoff congregates into stream networks (including these rivers) and exits from the city district. The surface wastewater network includes main and lateral canals and specific hydraulic structures. The river channel cross-sections include rectangular, circular and trapezoidal forms.
In this research, the Moradbeig, Divin and Khezr rivers were studied, because more than 70% of the urban runoff drains into these rivers. The rivers unite north of the city district in the village of Grachqa, to form the Grachqa River.
Sampling and measuring
The sampling site in the Grachqa River is shown in Figure 1 . Sampling and measuring of the flow rate were performed during seven rain events of 2014-2015 (Table 1) . During and after each rain event (E1-E7), the samples were collected from the relevant runoff at intervals of 30 and 60 minutes. In order to measure Cd and Pb concentrations at each event, the samples were stored in 250 ml polyethylene bottles. They were filtered through Whatman 42-mm filter papers, and stored at 4 W C. Analytical procedures were based on Standard Methods (APHA/AWWA/WEF ).
The concentrations of heavy metals were measured using a flame atomic absorption spectrophotometer (AAS Varian Model 220). The data obtained were sorted, then the EMCs were calculated for all events. The EMC is the weighted average of the instantaneous pollution concentration over the whole period of runoff in a single rainfall event, and is the ratio of total pollution load and total runoff, which can be calculated using the following equation (Zhou et al. ):
where EMC is the event mean concentration (mg per liter); M is the total load of pollutant in one rainfall event (mg); V is the total runoff quantity in one rainfall event (liter); t represents time (minutes); C t is the pollutant concentration at time t (mg per liter); Q t is the runoff flow rate at time t (liters per minute); Dt is the interval time (minutes).
Probability density functions
To accurately evaluate and identify the best statistical probability distributions, 45 continuous PDFs were used and fitted with the observed data (Table 2) .
Goodness-of-fit of the PDF
A goodness of fit test evaluates the random data agreement with the empirical distribution functions. The following hypothesis test was performed:
where F n (x) is the cumulative distribution of a sample, and F (x) is a theoretical cumulative frequency distribution under H 0 (Moralles et al. ) . Agreement between data series and the PDFs was verified with the Kolmogorov-Smirnov (KS) and Anderson-Darling (AD) tests at the 5% significance level. Such tests have been widely used to verify the fitting of probability distributions in the field of hydrology; they give more importance to the behavior of the PDF in the distribution tails (Beskow et al. ) .
The KS test is based on the largest difference, in absolute value, between the theoretical and empirical cumulative probabilities. The maximum deviation is characterized by D max ¼ maximum |F(X) À Fn(X)|. The bilateral probability associated with the occurrence, under H 0 , of values as great as the value of D observed, will be determined according to the table of critical values. Therefore, if |D max | ! D critical , α , the null hypothesis is rejected, which means that the sample has a different distribution from that of the tested theoretical distribution (Moralles et al. ) .
The AD test is defined by the following test statistic: F(x (nþ1Ài) )))] (2) where i ¼ number of observations (1, 2, …….n), n ¼ sample size. Hypothesis H 0 is rejected if AD > AD 1-α , where AD 1-α denotes the (1-α) 100% quantile of the statistic. The AD statistic attaches higher weight to observations from the tail of the distribution (Grzegorzewski & Szymanowski ) .
In order to determine the best PDF based on the KS and AD tests, firstly the results of each test were investigated separately. In this step, based on the statistics of each test, the functions were sorted and ranked from the best to the worst distribution. Then, the total ratings assigned to each function were calculated. The lowest final rank will be selected as the best distribution function. All the data were analyzed using the EasyFit 5.5 and Excel software.
RESULT AND DISCUSSION
The statistical parameters of the measured values of Cd and Pb are shown in Table 3 . The results indicated that the maximum value of Cd is 0.027 (E3) and the minimum value is 0.007 (E7). The maximum and minimum values of Pb were 1.31 and 0.21, respectively, and both were observed in Event 2. Because of the importance of the EMC for water pollution investigation, the value of EMC is given for every event (Table 4 ). The results showed that the average concentration of Cd and Pb for the events occurring in autumn was higher than the spring values. The corresponding values of these two elements in three southern stations in Tehran has been reported as 0.040 mg/l and 0.079 mg/l, respectively (Nabizadeh et al. ) . For comparison, the average EMC of the runoff from streets in Paris, France, for Cd and Pb was 0.0006 mg/l and 0.133 mg/l, respectively (Legret & Pagotto ) , and values for the road runoff in Guanzhou, China, were calculated as 0.0265 mg/l and 0.1006 mg/l (Huang et al. ) .
Investigation of the distribution functions for Cd
In Table 5 , the results of ranking distribution functions of the Cd data are demonstrated based on the KS and AD tests. The Log-Pearson 3 (LP3) was the only one that was a superior function in all events. Therefore, the LP3 was selected as the best common distribution function for fitting the ICEE for Cd data. The hyperbolic secant (HS) and Wakeby functions were introduced as the best PDF for EMC and ICS for Cd, respectively (Figure 2) . The LP3 distribution was derived from the Pearson 3 distribution, resulting in the following PDF:
The constants β, α and γ are scale, shape, and location parameters, respectively; Γ denotes the gamma function (Jawitz ).
The HS distribution is defined by the density function:
where μ and σ are the continuous location and shape parameters (Kravchuk ) .
The Wakeby distribution is defined by the quantile function:
where β, δ are shape parameters; ξ is a location parameter; α and γ are scale parameters (Rahman et al. ) . The PDF is the following equation:
where F is the cumulative distribution function and t is defined by the following equation:
The values of the parameters in LP3, HS and Wakeby distribution functions are shown in Table 6 .
Investigation of the distribution functions for Pb
The results of the ranked distribution functions of Pb data are shown in Table 7 .
Based on Table 7 in the case of Pb concentration, the LP3 and Wakeby are the best distribution functions to fit the EMC and the ICS data, respectively (Figure 4) . The observations showed that there is not a common dominant distribution function for all of the events.
Therefore, the frequency of the significant functions identified by the KS and AD tests (at a significance level of 5%) was calculated and ranked ( Figure 3) . Accordingly, Generalized Extreme Value (GEV), LP3, Generalized Logistic (GL) and Normal were confirmed as the most frequent functions. Regarding the best ranking of the KS and AD tests (Table 7) , the GEV function was selected as the most suitable PDF to fit the ICEE data for Pb ( Figure 4) .
The mathematical structure of GEV is:
where σ is a scale parameter; μ is a location parameter and ξ is a shape parameter (Combes & Dussauchoy ) .
The values of the parameters in LP3, Wakeby and GEV distribution functions are given in Table 8 . Although GEV is identified as the best function for distribution fitting of all the events, to reach a best estimation, it is necessary to (Table 8) .
